The machine stops caused by various breakdowns, rupture of raw materials, production changes, scheduled maintenance and stops related to human resources management generate an important production loss in the company. Our case study is done in a company that manufactures polyethylene pipes with eight production lines. They stop frequently because they undergo external control factors and noise factors. The method of experimental design that relies on statistical surveys is applied to production loss allows us to observe the action of each factor on the loss of production and their interactions of these factors combined in pairs on this process. Analysis of results shows the dominance of controllable or uncontrollable factor on the loss of production. This is illustrated by response surfaces and ISO responses lines were derived by mathematical modelling. Solutions are proposed to improve continuous production, reduce waste and scrap and therefore increase profitability of company.
Introduction
The reduction of industrial waste is the major preoccupation of an integrated management system [1, 2] which includes the environmental management system [3] , the system of quality management [4, 5] and the management system of health, security and work [6, 7] . These systems are applied within the company following the requirements of ISO 9001:2000 code 4, until 8.5.3, of ISO 14001:2004 and OHSAS 18001:2007 to achieve optimal production by minimising work stops caused by various technical and operational reasons. This integrated management system [8] [9] [10] is applied to the production lines at the beginning when checking the quality of raw materials until the end when storing finished products to contribute in reducing production losses and obtaining finished quality products. For this, the checks are carried out to the quality of raw materials, during the production process, for finished products and after handling and storage. However, the implementation of integrated management system is not sufficient in itself, in parallel it is necessary to reduce production stops caused by mechanical and electrical problems, by human resources management, by the supplies disruption of raw materials and others. To know the influence of each breakdown reason of machinery at each production line, a data record has been established for a period of one year. These causes were grouped into 3 categories that encompass these machine stops into the same types. These categories are the accidental stops, the downtimes due to machine maintenance and human resource management and the third is stops due to raw material and finished products. The stops are estimated in work hours whereas the loss of production is calculated as a percentage relative to maximum production. The three factors of production stops act simultaneously on the loss of production. The application of the method of design of experiments shows how each factor acts on the loss of production by a mathematical modelling and therefore what measures should be taken to avoid this phenomenon.
Statistical Reports of the Causes of Production Stops
Modelling by design of experiments method analyses the continuous production process of polyethylene pipes by measuring causes of production losses (waste) caused by the steering factors and noise factors. The causes of machines downtimes that increase the percentage of production loses (inducing the waste) are defined by three parameters on the Ishikawa diagram ( Figure 1) . The production process is composed of eight independent production lines; their stops are caused separately by the same reasons and therefore act on production losses (lack of production). Table 1 shows the distribution of hours of production losses by types and production lines. The accidental stops are designed by X 1 , the scheduled stops are designed by X 2 and the stops due to raw material and finished products are designed by X 3 . Table 1 is called matrix of experiments, it contains column 6 that means losses of production expressed in percent. They designate the responses Y. We see that the line E records the high numbers of hours of accidental stops with 2731.83 hours and human resources management stops with 1085.67 hours, but it is the line H that has the high number of Stops due to raw material and finished products with 9703.75 hours. The greatest loss of production is recorded on line E with 66.18% compared to optimal production. This is the line that stores the most breakdowns and stops. However, it is the line C that has the smallest losses of production with 20%.
Phenomenon Analysis of Machines Stops by Design of Experiments Method
The loss of industrial production caused mainly by different stops responds to a mathematical law in polynomial form. This polynomial is a sum of monomials that are composed of coefficient a i (called parameter effect) multiplied by the value of the parameter designated by x i . In our study, x 1 is letter that represents accidental stops, x 2 is letter that represents maintenance and human resources management stops, and x 3 represents stops due to raw material and finished products. In the polynomial, there are monomials that designate the interactions between the parameters that influence the result; these parameters are appointed by x i x j and 2 ii x (i,j=1,2,3); they must be multiplied by the value of the effect a ij . This sum of these monomials represents the response "y" i.e. the loss of production: 
where: U min is minimal value of parameter, U max : is maximal value of parameter, U i is value to be encoded, and x i is coded value. 
Substituting the values of a i,j into Equation (1), the production losses caused by three types of stops is modelled by the following expression: 
Results Interpretation
The interpretation is subdivided in two essential parts, the first consists to analyse causes of production stops of 8 lines of production using design of experiments method, while the second consists to analyse waste generated by frequency of production stops using statistical process control.
Analysis of Production Stops Effects by Experiments Design Method
Equation (4) allows us not only to find the real loss values of production "y" listed in Table 2 , but other values included between the maximum and minimum losses. This is a predictive and descriptive model. This is shown by the estimators of adjusted descriptive quality Table 2 . Coded values of several stops of machines. To illustrate these results, the Figure 2 shows the deviations of measurement points relative to bisector.
The details of deviations are shown in Table 3 where one sees that the maximum deviation is estimated to 7.9% in measurement 7. The Student test shows us if the variable x i or the interaction x i,j associated with a i,j affects response "y" or not. For this, one calculates the coefficient t i of Student as follows:
s is variance of effects; it is calculated by following:
where s 2 is estimator of polynomial effects; it is calculates by this formula:
Here, n is equations number obtained by combinations of values of x i,j from Table 1 , it is equal to 3 3 = 27 (full factorial design), and p is number of modelling coeffi- cients, it is equal to 10 (see Equation (1)). The comparison between t crit taken from Student table for risk α = 0.05 and freedom degree ν = 17, shows that all "t i " are higher than t crit = 0.689, it means that all variables x i,j influence the response "y", i.e. the loss of production ( Table 4) . Equation (4) allows working simultaneously the three parameters in the field of work but we cannot interpret it graphically. However, we vary two parameters while leaving unchanged the third parameter (x 3 ).
Production Losses According Accidental
Stops When x 2 and x 3 Are Middle Values
To observe how the losses of production vary according one parameter, one gives to 2 others parameters in Equation (4) permanent middle values. We can then plot the variation of production losses according one of 3 parameters. The statistics collected during the production indicate that while stabilising the production losses due to raw materials and finished products as well as maintenance to their middle values (x 2 = 877.7 hours, x 3 = 5241.6 hours), one reaches the maximum value of 40.5% of production losses at 900 hours of accidental stops. The mathematical modelling decreases these losses to 34.3% at 2730 hours (Figure 3) . When x 1 exceeds the value of 900 hours, x 2 and x 3 are statistically acting on the model and are decreasing production losses. 
Production Losses According Maintenance and Human Resources Management Stops When x 1 and x 3 Are Middle Values
Maintaining accidental stops x 1 and stops due to raw material and finished products x 3 constant respectively at 1476.40 hours and 5241.6 hours, one varies only x 2 from its minimum value to its maximum value, we obtain a minimal loss of production of 39.8% for x 2 = 860 hours (Figure 4) . This means that the parameter x 2 has a positive influence in reducing production losses in the model (4), but from x 2 = 860 hours, factors x 1 and x 3 are more influential than x 2 . This explains why the curve increases until production losses of 50.2% for x 2 = 1090 hours. 
Production Losses According Stops Due to Raw Material and Finished Products When x 1 and x 2 Are Middle Values
When we leave constant x 1 = 1476.40 hours and x 2 = 877.70 hours (middle values), we note that the minimum losses of production is quickly reached at 30.8% for x 3 = 3260 hours when the curve decreases. This shows that from this minimum, the factors x 1 and x 2 are increasing the response "y" (production losses) when x 3 varies from its minimum value to maximum value ( Figure 5 ).
Results Interpretation When x 1 and x 2 Are Varied Together
For this, one gives to third parameter x 3 an invariable value and one changes the 2 other from their minimum value to their maximum value. One can plot response surfaces in three dimensions and curves iso-responses in two dimensions to illustrate the action of two parameters simultaneously on the production losses.
When x 3 Is Equal at the Low Value (x 3 = 779.17 Hours)
In this case, the response surface is concave rectangular form; it shows parallel areas of production losses mainly when accidental stops (x 1 ) and stops caused by maintenance and management of human resources (x 2 ) are high ( Figure 6 ). When accidental stops are less than 1500 hours, these areas are parallel to the axis of x 2 . It shows that accidental stops act very low in the model response. All this is visible on curves ISO response, where one notes that the losses of production remains relatively constant between 20.8% and 24.2% for stops due to maintenance and management of human resources between 675 hours and 937.5 hours. From 1330 hours of accidental stops that the increase of x 2 increases clearly the production losses.
When x 3 Is Equal at the Middle Value (x 3 = 5241.60 Hours)
When x 3 takes the middle value of 5241.6 hours, the ma- tacles. In this section, the response "y" remains relatively constant; it varies from 40.5% to 41.3% over a large part of the work domain. This shows that we can get the constant value of production losses defined by the 41.3% by several combinations between accidental stops (x 1 ) and maintenance and management of human resources stops. Table 5 gives some values of production losses outside the central zone with tentacles.
It is clear, that the columns and rows ( Table 5 ) display for constant values of the parameter x 1 , that production losses decrease in first with increasing parameter x 2 , stabilise at central area of the graph 8, and subsequently increase. However, when x 2 remains constant, production losses decrease for the 2 first rows with increasing x 1 , but increase in first and subsequently decrease for the 2 last rows of Table 5 with increasing x 1 .
When x 3 Is Equal at the High Value (x 3 = 9703.75 Hours)
When the parameter x 3 takes its maximum and invariable value of 9703.75 hours in the mathematical model 4, the responses surface is the concave form upwards (Figure 8 ).
Its projection gives curves ISO responses directed from top to bottom and curved in the centre of the graph. This shows that for a given value of accidental stops (x 1 ), losses of production vary slowly with the change of stops due to maintenance and human resource management. It is easy to see that for maximum value of x 3 = 9703.75 hours, the increase of accidental stops (x 1 ) reduced the losses of production; this is due to the effect of negative sign of the interaction of parameters x 1 and x 3 in the polynomial (4) and equal to a 13 = −8.78769 which reduces considerably the value of the response "y". One remarks that in passing from value x 1 = 500 hours to x 1 =2500 hours for the same value of x 2 = 900 hours, losses of production fells from 55.8% to 22.2%.
Management of Production Waste by Statistical Process Control
The losses rate of production per lines caused by the various stops does not explain alone the waste of finished products during production process. It is rather frequency of repeated stops that causes restarts manufacturing process. This will requires each time the equipments settings to obtain the finished standardised products. Knowing annual waste rate of polyethylene products for water of 3.15% and for gas of 2.54%, the average waste rate of 8 lines is: ∑ is sum of distribution values equal to 5.69%; n is samples number equal to 2; this is giving us process quality "m" or "Yield" of 97.155% (Figure 9) . This value is considered as the average value of the process target to achieve (average value of distribution). As the value of the standard deviation is sigma equal to 0.9425071, the repetition frequency of production stops is: This value is represented by the top of the Gauss curve of production process. It corresponds to 0.91569σ on the X axis and represents the lag due to the production process and waste estimated at 28500 DPMO (defects per millions of opportunities) (Unhatched area of Figure 9 ). The beginning of waste area corresponding to end of process performance z, it is found in the following manner:
where z is sigma process quality; it is calculated with coefficient who taken from the normal distribution taking account the risk of 0.05 and "UCL, LCL" values through manufactured tables (coef = 3.403311); the process performance z is equal at 3.403311σ. The σ value is the standard deviation, it calculated by this formula: The process performance z is then 3.2076447. The low control limit (LCL) and the upper control limit (UCL) are calculated by this following formula; here, the target is the process quality m = 100% -2.845% = 97.155%:
Their respective values are then 94.327419 and 100.377521. The process quality area of the real production process is thus defined by LCL, UCL and the Gauss curve of normal distribution (hatched zone in Figure 9 ). It is equal to 97.155%. The combination of two methods of analysis, the experimental design and statistical process control in management showed us that performance of studied process is relatively small compared to a process without stops or waste. The management of waste during the production process is directly linked to the frequency of stops and starts of manufacturing lines. To achieve Six Sigma process with performance of 99.999%, one must improve the process capability index C p in order to be higher than 2. However, the capability index of six production lines is z/3 = 1.1344; the production process of PE is then just capable. To achieve high performance, one must act in several fields that cause the increase of waste. Managing production waste is to understand the real causes that push businessmen to submit program changes on the production lines, and see if there are opportunities for their reductions. It must also understand the real causes of mechanical and electrical failures and assess the reliability of the maintenance planning. Finally know the real causes of non conformities of products and analyse the production process and intervention function responsible for the technical quality. Thereafter take the necessary technical and financial measures and control by means of managerial actions to reduce this waste.
Capability Indices and Process Performance
The capability indices of process "C p ", of machine "C m " and process performance "P p " are important data that demonstrate the real capacity continuous production pro-
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cess of the manufacturing company of tubes. The capability index that takes account process, machine, and the performance is calculated as follows:
The value of this index is then 0,999993, i.e. close to 1. The capability index of the process C p is found in the following manner:
3.2076447 1.0692149 3 3
The C p index exceeds the value of 1, but the quality of process 6σ requires a capability of process more than 2. The production process of the tubes is barely capable but is not very efficient. The capability index of Machine C m allows measuring the material resources available the continuous production process of the tubes is able to achieve the target of 99.999966% of performance; the value of this index is:
( ) The C m index does not exceed 1.11 which allows the reduction of waste of 0.00034%. The tools and machineries of production plant are not capable to achieve performance of 6σ quality. The plant must innovate and reduce the variability due to different causes of machine stops.
Conclusion
Causes analysis of waste by 2 methods statistical process control and design of experiments are a very effective means that can take measures to manage the losses. These methods permit to develop recommendations. They can satisfy demands to achieve the production requirements mastering the controllable factors, reducing the impact of uncontrollable factors, minimising the financial losses and improving the quality of production. The reduction of waste is the result of the reduction of machine stops; this reduction supports the achievement of measurable and non-measurable gains such as reduction of the manufacturing cost and coast of control factors, reduction delay time, improvement employee competence, improvement working environment due to the reduction of machine stops hours. All this will automatically change the profitability of the process and the gains of the company. The performance of production is treated in sigma process quality (performance quality) by Equation (10) .
